The psychophysiological state of vehicle drivers is of key importance for road safety and for the life and health of other users of the transport infrastructure. A number of external factors may contribute to gradual deterioration of the driver's condition and undiagnosed illness may result in abrupt health disorders.
economic development and migration of people, and enable reaching the farthest parts of the world.
The means of transport closest to our everyday life is the car and its universality has resulted in the development of a complex road transport system. In consequence of that, road traffic is today the largest contributor to the total number of communication-related accidents [1] .
This paper is about the causes of road events which constitute a risk to the life and health of road users and result in severe social and economic burdens. We focus on the driver, and specifically on his/her physical and mental predispositions and limitations.
The drivers who cause road accidents include predominantly those who ignore the traffic regulations, behave irresponsibly, ignore the speed limits, and especially those who drive with bravado or under the influence of alcohol [1] . Furthermore, the statistics collected for the years [2005] [2006] [2007] show that drivers around the age of 20 were involved in road accidents almost three times more frequently than those 20 years older [2] .
The significant factors related to the road situation and drivers' health condition and affecting the road safety include: -fatigue: physical, local, general, "cerebral" (drowsiness), mental, lack of energy; those symptoms slow down the response time, increase the number of errors, impede the perception, and increase the aggression level (which are symptoms similar to those after use of alcohol or intoxicants) [3] , -stress, which indicates the direct connection between the body and the mindit manifests itself through increased pulse and blood pressure [3] and significantly contributes to cardiovascular disorders [4] , -attention strain -resulting from an excessive number of signals reaching the driver; focusing the attention for a long time is very tiring and is more significant that other factors [5] , -microclimate -this is particularly reflected in the behavior of the neural system and the mental sphere [5] , -sight disorders: dazzling, visual illusions [5] , twilight vision disturbances [6] , -decision-making and attention-division processes: the ability to extract significant information from a complex background (perception style), ability to divide attention among various tasks, response time in performing complex tasks [1] , -perception and intellectual processes -the influence of memorized experiences, personal attitudes, needs, and external stimuli [1] , -temperament and personality characteristics -they determine the diversification of the self-regulation style and the level of resistance to stress [1] , -cardiovascular system -pulse rate changes may indicate drowsiness or irritation of the driver [7] , untreated disorders may lead to dangerous cardiovascular incidents [8] [9] [10] . The Directive of the European Community Council [11] and the Regulation of the Minister of Health of the Republic of Poland [12] define the requirements for physical and psychical conditions of candidates for drivers of motor vehicles.
Despite the selection assumed in the legal regulations and implemented thereunder, roads are used also by drivers with hidden disorders, either not diagnosed initially or acquired after obtaining the driving license.
Therefore, it is necessary to periodically verify the health status of the drivers and -even more importantly -to monitor the parameters identifying their condition on a continuous basis.
In consideration of the above issues, we have taken on as our objective developing an index which would reflect the psychophysiological condition of drivers. Our additional objective was selecting a subset representative for the determined index from the full set of results (tests and measurements).
Material and methods
The research was based on a database of results of surveys, tests, and measurements performed on a group of 15 rested volunteer drivers. They were classified into two subgroups corresponding to two components of the index: physiological (hereinafter "FIZ") and psychological (hereinafter "PSY"). Subsequently, permitted ranges for elementary results were set. The individual tests (separately in the FIZ and PSY subgroups) were ordered according to the importance of the described properties, with classification into the following categories: fatigue, impairment of consciousness, and loss of psychomotor ability. Each property was assigned a corresponding weight, as shown in Table 1 A diagram of the methodology is shown in Figure 1 . We attempted to maintain homogeneity of the selected sample of drivers. The sample is characterized, among others, by the following properties: -average age of 32 (from 26 to 45), -average body mass of 89.5 kg (from 67 to 105 kg), -average height of 182 cm (from 176 to 190 cm), -most subjects with higher education, living in cities with a population above 500.000, -average level of physical fitness (physically active for 2-3 hours a week on average). Weight for the "fatigue" criterion. 3 Weight for the "impairment of consciousness" criterion. 4 Weight for the "loss of psychomotor ability" criterion. On the basis of data prepared in this manner, a method was proposed to calculate the FIZ and PSY indices:
where: i -sequential number of the physiological/psychological property n, m -number of measurements/properties/tests a i , b i -weight of the i-th property x i , y i -result (index) of the i-th property, derived from the assumed critical ranges, with one of the following values: {-1, 0, 1}. The indices for neutral weights are denoted as FIZ_W0 and PSY_W0, and for weights in the individual criteria as: FIZ_W1 -general criterion, PSY_W1 -fatigue, PSY_W2 -impairment of consciousness, PSY_W3 -loss of psychomotor ability.
The result index values are classified as follows: positive (66.7-100%), conditionally permitted (50-66.6%), negative (below 50% of the value range). The normality of the result value distribution was tested with the KolmogorovSmirnov test and Lilliefors test (for the significance level of 0.05). The correlations between the FIZ and PSY indices and the elementary test results were calculated. The results of FIZ and PSY were compared and the correlation between them was calculated. Due to insignificant deviations of the individual result distributions from the normal distribution, the Pearson correlation analysis (r) and Spearman rank analysis were applied (no significant differences in the correlation values were detected).
The final index identifying the driver's condition is established as a conjunction of the component indices (FIZ and PSY).
Results
The FIZ indices calculated from the assumed formulae satisfy the assumed range criteria in a very similar way. The FIZ_W0 values are significantly higher than the FIZ_W1 values. It means that application of the weights (for the FIZ_W1 set) in most cases (subjects) shifts the results towards the less advantageous values (taking into consideration the assumed ranges). Despite that, all subjects satisfy the limit criterion of -50% (Figure 2 ). Values of the FIZ index relative to the assumed ranges, for various weights.
The extreme values, denoted as "the best case" and "the worst case", serve for verification of the calculation correctness by indicating the value range limits. The subjects are identified only by labels from K01 to K15, due to the personaldata protection considerations. The obtained and presented results show that for all categories, the PSY values are distinctly close to one another ( Figure 3 ). Our analyses clearly show that the main factor determining the PSY value is the position of individual test results relative to the allowed ranges. On the other hand, the influence of the weights upon the whole PSY value seems to be small. More precisely, the weights can shift the result towards the negative or positive extreme only by a few percent.
The above conclusion does not change the fact that if specific limits are assumed to admit or reject a driver, such small shift resulting from the assumed weights may be of critical significance.
As can be seen, candidate K10 would be admitted in the "impairment of consciousness" and "loss of psychomotor ability" categories, but rejected in the "fatigue" category. Values of the PSY index relative to the assumed ranges, for various categories (weights).
The normality tests show that the hypothesis of normal distribution of the variable FIZ_W1 cannot be rejected. A different case is with FIZ_W0, whose values are not distributed normally (the distribution is distinctly asymmetric). For psychological indices, the distribution normality hypothesis cannot be rejected in any category.
The analysis of significant correlations of FIZ and PSY with individual test results ( Table 3, -FIZ_W0, and FIZ_W1 with driving experience, -FIZ_W0 with the number of OSA symptoms reported after work, -FIZ_W1 with sensitivity to stimuli, -PSY_W3 with the number of smoked cigarettes.
The last examples cannot be suspected of being correlated with the results preferred through the weighting system. The correlation between the FIZ_W0 and PSY_W0 indices is distinctly low (0.2). It means that the value of one index cannot be used to predict or estimate the value of the other index with sufficient precision.
The final result of the analyses is the driver's condition index. It has a binary value indicating whether the assumed criteria (Tables 4-7) are satisfied. The value is calculated as a conjunction of the values of FIZ and PSY. K01  K02  K03  K04  K05  K06  K07  K08  K09  K10  K11  K12  K13  K14 Table 5 :
Conjunction of the values of FIZ_W1 and PSY_W1. K01  K02  K03  K04  K05  K06  K07  K08  K09  K10  K11  K12  K13  K14 K01  K02  K03  K04  K05  K06  K07  K08  K09  K10  K11  K12  K13  K14 
Discussion
Due to the fact that the sample was not random, the conclusions cannot be generalized to the whole population of drivers [13] . The conclusions are applicable only to the community from which the volunteers have been recruited. A driver condition index value (calculated without weighting the elementary results) differing from the fully correct level by not more than 33.3% was achieved by 5 subjects. In the "fatigue" and "loss of psychomotor ability" categories, the above criterion was satisfied for only two subjects. In the "impairment of consciousness" category, the above criterion was satisfied for four subjects. It means that two subjects retained an acceptable level of consciousness despite fatigue and loss of psychomotor ability. A particularly distinct result of the analysis of the correlation between the calculated indices and the test results is the negative correlation (in all categories) with driving experience (the correlation is negative due to the method of survey scoring). It means that the more experienced the driver, the higher is the calculated index value.
The driver's height and the number of taken supplements decrease the FIZ_W0 value and a higher number of OSA symptoms reported after work increases the value. The PSY value is decreased in all categories by longer response times and higher tracking deviation levels. A higher sensitivity to stimuli may lead to a decrease of the FIZ_W1 level.
An interesting observation is the positive correlation between the number of smoked cigarettes and the PSY_W3 index which identifies impairment of consciousness. International studies [14] show that taking psychoactive substances containing nicotine has a limiting influence upon dementia processes and the Alzheimer disease. Therefore, it may improve the driver's memory and concentration.
Conclusions
In result of the research, we have obtained determinants of the psychophysiological condition of the subject drivers and a group of correlated indices. As results of elementary tests, they are candidate items (inter alia) of a short survey aimed to verify the short-term condition of a driver.
The further directions of research in the field may include comparing the results with results obtained in other circumstances (after traveling, in the evening, at high levels of psychical and physical fatigue), as well as with biological signals recorded during the driving. Also, an attempt could be made to create an automaton to generate sets of weights with an assumed level of dependency of the indices on the elementary results.
